Abstract. HIV evolution model that describes the dynamics of concentrations of uninfected and infected cells is considered in the paper. The introduction of dimensionless variables and parameters leads to the initial boundary value problem for singularly perturbed system of partial integro-differential equations. By Tikhonov-Vasil'eva boundary functions method asymptotic solution with boundary layer is constructed. Numeric simulation of complete and reduced systems are also given.
Introduction
Singularly perturbed equations arise in the mathematical modeling of processes in chemical kinetics, biology, physiology and other areas of science. For problems of this type the methods, which give an asymptotic representation of solution, are successfully applied. The aforesaid is especially true for mathematical models of evolution biology, where an extremely slow biological evolution process proceeds against the background of significantly faster interactions of different nature. In this paper, the method of boundary functions is used for constructing asymptotic expansions of the solution to a singularly perturbed system of integro-differential equations with small parameter multiplying derivative.
Model
Let us consider the system of partial integro-differential equations
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This system is a mathematical model of HIV evolution in a continuous phenotype space (see [1] ). It is a result of the development of the in vivo dynamic model AIDS-1 proposed in [2] . The system (1) , usually is considered to be belong to a finite interval [0, ], = 10, for a given normalization and the condition 0 ) ,
Introducing dimensionless variables and parameters in the same way as in [3] , the system (1) and conditions (2) can be written in the form
for HIV, thereby this system is singularly perturbed system.
3
Reduced system Setting = 0 in (3), we obtain the degenerate (or reduced) system
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It should be noted that the solution ̅( ) of this system in general does not satisfy the initial condition in (4) . But the solution of associated system (where is a parameter)
is
that is the isolated root = 1 (1 + ∫ 0 ) ⁄ is an asymptotically stable rest point of system (7) and the initial value 0 belongs to the domain of attraction of this root. In [4] it is shown that there is a passage to the limit
Here ̅( ), ̅ ( , ) are the solutions of (5), (6) and ( , ),
are the solutions of (3), (4) . Figure 1 shows the results of numerical simulations for the full and reduced systems (the thin line represents the plots corresponding to the full system (3), and the bold line represents the plots corresponding to the reduced system (5)). As we see, the solutions for the reduced and full systems agree fairly everywhere except a relatively short transition. For convenience of comparison results in this figure are shown for physical dimensional variables. Fig. 1 . Solutions of the full system (3) and reduced system (5) If the initial condition is taken on or near the slow manifold, then the results obtained for both systems, full and reduced, coincide everywhere (see Fig. 2 ). Using the approach developed in [5] , we can prove the existence and uniqueness of degenerated problem (5), (6) . 
Asymptotic expansions
Let us find the solution to problem (3), (4) in the form of asymptotic expansions in powers of small parameter . As we mentioned above, the solution of the degenerate system ̅( ) does not satisfy initial condition in (4) and, therefore, it may be assumed the existence of a boundary layer structure in the solution as → 0. Following [6] [7] [8] [9] , in accordance with the method of boundary functions [10, 11] , such a solution can be found as a sum of a regular and boundary-layer series
where
are the regular parts of the asymptotic expansions,
are the boundary-layer parts, and    t is the boundary-layer variable. Formally substituting series (9) into equations (3) and the initial and boundary conditions (4) and equating the regular and boundary-layer parts (taking into account that
), we obtain the equations
Information Technology and Nanotechnology (ITNT-2016) 512 and substituting the resulting expansions into equations (3) and conditions (4), we equate the coefficients multiplying equal powers of and find -th, ( ≥ 1), terms of the asymptotic expansions according to the following scheme. 
